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REMARKS 

The present application relates to hybrid maize plant and seed 34N16. Claims 1-42 are 
currently pending in the present application- Claims 9-11, 13-19, 22-24, 26-32, 34-40 have been 
canceled. Claims 43-54 have been added. Applicant respectfully requests consideration of the 
following remarks. 

Detailed Action 

A. Status of the Application 

Applicant acknowledges the indefinitencss rejection and -[the art rejection of record of 
claims 10, 14, 18, 23, 27 and 31 have been overcome, 

B. Specification 

Applicant submits the Deposit section on page 50 has been amended in order to properly 
include both the hybrid maize plant 34N16 and the inbred parentplants GE568102 and 
GE534776 within the Deposit paragraph. The changes do not add new matter as there is literal 
support for the minor changes on pages 7 in the originally filed specification. The specification 
has now been amended to correct these minor changes. 

In addition, Applicant respectfully submits that the actual ATCC deposit of the two 
inbred plants will be delayed until the receipt of notice that the application is otherwise in 
condition for allowance, in compliance under 37 C.F.R. §§ 1.801-1.809- Once such notice is 
received, an ATCC deposit will be made, and the specification "virtU be amended to contain the 
accession number of the deposit, the date of the deposit, a description of!the deposited biological 
material sufficient to specifically identify it and to permit examination amd the name and address 
of the depository. The claims will also be amended to recite the^ATCC deposit number. 
Applicant submits that at least 2,500 seeds of hybrid maize plant 34N16 land the inbred parents 
GE568102 and GE534776 will be deposited with the ATCC. Applicant ifurfher asserts that the 
deposits will be made without restriction 

Rejections under 35 U.S.C. S 112, Second Paragraph 

Claims 8, 11-19, 21,: 24-32, 39, and 42 stand rejected under 35 U;S.C § 112, second 
paragraph as being indefinite for failing to particularly point andidistinctly claim the subject 
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matter which Applicant regards as the invention, as stated in the.last Office Action for claims 5- 
8, 10-19, 21, and 23-32. 

Applicant respectfully traverses this rejection. Applicant wishes jto reiterate that it is well 
known in the art that the hybrid 34N16 will represent elite germplasm prbduced from the 
crossing of inbred parent lilies GE568102 and GE534776 for character tijaits of major importance 
which will subsequently be used in a breeding population to further those elite traits. Applicant 
further asserts that it would be understood by one skilled in the art that the claimed maize plant 
or its parts contain at least 50% of the alleles inherited from the hybrid maize plant 34N16 
having been deposited under ATCC Accession No. to be disclosed uponiallowance of subject 
matter. Applicant further asserts, "[W]hen not defined by Applicant in the specification, the 
words of a claim must be given their plain meaning. In other words, they must be read as they 
would be mteipreted by those of ordinary skill in the art", thereby alleviating this rejection. See 
In re Sneed, 710 F.2d 1544, 218 385 (Fed, Cir, 1983); See alsoiMPEP § 211 1.02. 

However, in order to expedite prosecution Applicant has canceled claims 9-11, 13-19, 22-24, 26- 
32, and 34-40, thereby alleviating this rejection to said claims. : 

The Examiner rejects claim 39 as indefinite for the recitation "34N16 maize plant 
. . .deriving at least 50% of its alleles from 34N1 6 M as confusing. 

Applicant has now canceled claim 39, thus alleviating this rejection. 

Claim 42 stands rejected as indefinite for failing to further limit cflaim 41. 

Applicant has now amended claim 42 to read —A male sterile maize plant produced by 
the method of claim 41.-, as suggested by the Examiner. Applicant thaiiks the Examiner for the 
suggested language. 

In light of the above! amendments and remarks, Applicant respectifidly requests 
reconsideration and withdrawal of the rejections under 35 U.S.C § 1 12, second paragraph. 

Rejections Under 35 U.S.C. S 112« First Paragraph 

Claims 11, 15, 19, 24, 28, 32, 34 and 38-40 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, as containing subject matter which was not described' in the specification in such a 
way as to reasonably convey to one skilled in the relevant art that the inventors), at the time the 
application was filed, had possession of the claimed invention. The Examiner states that there is 
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no literal basis in the specification for the 50% allelic derivatkwlanguagje. Further the Examiner 
states that there is no basis for the double haploid method. 

Applicant respectfully traverse this rejection. However, in an effort to expedite 
prosecution, Applicant has canceled claims 1 1, 15, 19, 24, 28, 32 and 38»-40 and added new 
claims 43-54, alleviating this rejection. In addition, Applicant has now amended claims 12 and 
25 to include —contains one or more transgenes which have beei* stably integrated therein, said 
transgenes selected from the group consisting of: a plant diseaseiresistanoe gene, an insect 
resistance gene, a herbicide resistance gene, and a male sterility gene— ,thereby limiting the 
claims to the types of transgenes that may be introduced and that are supported by the 
specification on pages 42-48, as suggested by the Examiner. 

In addition, Applicant has canceled claims 34 and 40, thereby alleviating this rejection. 
Applicant respectfully asserts the following regarding double haploid breeding. The 
specification discusses multiple breeding techniques that may bemused according to the invention. 
The specification at page 3 states [p]lant breeding techniques known in the art and used in a 
maize plant breeding program include, but are not limited to, recurrent selection backcrossing, 
pedigree breeding, restriction length polymorphism enhanced selection, genetic marker enhanced 
selection and transformation" (page 3, specification). Double hsiploid breeding is a technique 
long known and used in the lart of plant breeding. Applicant is attaching therewith Wan et aL, 
"Efficient Production of Doubled Haploid Plants Through Colchicine Treatment of Anther- 
Derived Maize Callus", Theoretical and Applied Genetics, 77:8^9-892, 1989. This demonstrates 
haploid breeding is a long-known technique in the art of plant breeding and supports Applicants 
assertion that producing double haploids is well known to one ordinarily i skilled in the art. 
Further, it is axiomatic in patent law that a specification "need not teach,, and preferably omits, 
what is well known in the art," See Spectra-Physics, Inc. v. Coherent, Inc., 3 U.S.P.Q.2d 1737, 
1743 (Fed. Cir. 1987). Double haploids are produced by the doubling of a set of chromosomes 
(IN) from a heterozygous plant to produce a completely homozjpgous individual. This is 
advantageous because the process can eliminate the generations of selfinjg needed to obtain a 
homozygous plant from a heterozygous source. Applicant therefore respectfully requests 
withdrawal of the above rejections. 

Claim 33 stands rejected under 35 U.S.C. § 112, first paragraph 3s containing subject 
matter which was not described in the specification in such a way as to enable one skilled in the 
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art to which it pertains, or with which it is more nearly connected^ to make and/or use the 
invention. The Examiner states the claim is drawn towards a meifhod of making a hybrid plant 
designated 34N16 comprising crossing inbred maize plants GE568102 amd GE534776, however 
the Examiner states the terms of this deposit are not known. 

Applicant respectfully traverses this rejection. Applicants herein submits the Deposits 
section has been amended in order to properly include both the hybrid maize plant 34N16 and 
the inbred parents GE568102 and GE534776 within the Deposit (paragraph on page 50. The 
changes do not add new matter as there is literal support for the minor changes on page 7 in the 
originally filed specification. The specification has now been amended tb correct these minor 
changes. Applicant thanks the Examiner for pointing out this inadvertent mistake. 

In addition Applicant submits that the actual ATCC deposit will be delayed until receipt 
of notice that the application is otherwise in condition for allowance. Asi provided in 37 CF.R. 
§§ 1.801-1.809, Applicant wishes to reiterate they will refrain from deposit of hybrid 34N16 and 
inbred parents GE5681Q2 and GE534776 until allowable subject jmaiter is indicated. Once such 
notice is received, an ATCC deposit will be made, and the specification will be amended to 
contain the accession number of the deposit, the date of the deposit, description of the deposited 
biological materials sufficient to specifically identify and to permit examjination and the name 
and address of the depository. The claims will also be amended to recite* the proper ATCC 
deposit numbers. The Applicant provides assurance that: 

a) during the pendency of this application access to the invention will be afforded to 
the Commissioner upon request; 

b) all restrictions upon availability to the public willibe irrevocably removed upon 
granting of the patent; 

c) the deposit \Vill be maintained in a public depository for a; period of thirty years, 
or five years after the last request for the enforceable life of the patent, whichever is longer, 

d) a test of the viability of the biological material at ihe time<of deposit will be 
conducted (see 37 C.F.R. § 1 .807); and 

e) the deposit will be replaced if it should ever become invisible. 

Therefore, Applicant submits at least 2500 seeds of hybrid maize plant 34N16 and the inbred 
parents GE568102 and GE534776 will be deposited with the AXCC. In view of this assurance, 
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the rejection under 35 U.S.C. § 1 12, first paragraph, should be removed. (MPEP § 241 1 .02) 
Such action is respectfully requested. 

Claims 8-19, 21-32 and 34-40 stand rejected under 35 U.S.C. § 1 12, first paragraph, as 
containing subject matter which is not described in the specification in such a way as to 
reasonably convey to one skilled in the art that the inventors), at the time the application was 
filed, had possession of the claimed invention, as stated in the last Office Action for claims 8-19 
and 21-32. The Examiner stated that claims 12, 15, 25, 28 and depended thereon are broadly 
drawn to any transgenic plant which contains any heterologous transgene of any sequence 
conferring any trait, and methods of using the transgenic plant. The Examiner further stated that 
claims 8, 16, 19, 21, 29, 32 and dependents thereon are broadly drawn to; any "single gene 
conversion" plant comprising one or more traits introgressed into- the claimed variety by 
backcrossing or other traditional means, and methods of using these plants. 

Applicant respectfully traverses this rejection. However,^ in an effort to expedite 
prosecution, Applicant has canceled claims 9-11, 13-19, 22-24, 26-32, and 34-40 and amended 
claims 12 and 25 to include ^--contains one or more transgenes which have been stably integrated 
therein, said transgenes selected from the group consisting of: a plant disease resistance gene, an 
insect resistance gene, a herbicide resistance gene, and a male sterility gene—, thereby limiting 
the claims to the types of transgenes that may be introduced and .that are supported by the 
specification as aforementioned 

Applicant wishes to reiterate that under the written description requirement, Applicant 
should be allowed to claim the progeny of a cross of maize plants crossed with 34N1 6 with 
phenotypic characteristics since distinguishing identifying characteristics in the chemical and 
biotechnological arts, dealing withDNA, are those such as: partial structMre, physical 
and/chemical properties, functional characteristics, known or disclosed correlation between 
structure and function, method of making, and combinations of the above. In plants, these 
identifying characteristics are those detectable in the phenotype which are manifested through 
gene expression. Claims to a particular species of invention are adequately described in the 
disclosure of relevant identifying characteristics are present in the application. Again, one of 
ordinary skill in the art is reasonably apprised in knowing that a plant crossed with 34N16 will 
result in a plant having inherited half of the genetic material of 3J4N16. A further limitation set 
by Applicant is that the plants must be capable of expressing a combination of at least two of 

i 
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these phenotypic characteristics of 34N16. Applicant respectfully submits the claims now come 
within the purview of the written description requirement and request reconsideration. 

Claims 8, 12-19, 21, 25-32 and 34-40 stand rejected under 35 U.S.C. § 112, first 
paragraph, as containing subject matter which was not describediin the specification in such a 
way as to enable one skilled: in the art to which it pertains, or with whichlit is most nearly 
connected, to make and/or use the invention, for the reasons stated in theilast Office Action for 8, 
12-19,21 and 25-32. 

Applicant respectfully traverses this rejection. Applicant iherein submits the Deposit 
section has been amended in order to properly include both hybrid maize plant 34N16 and the 
inbred parents GE568102 and GE534776 within the Deposit paragraph an page 50. The changes 
do not add new matter as there is literal support for the minor changes on page 7 in the originally 
filed specification. The Specification has now been amended to correct these minor changes. 
The Applicant further provides assurance that: 

a) during the pendency of this application access to the invention will be afforded to 
the Commissioner upon request; 

i ; 

b) all restrictions upon availability to the public willbe irrevocably removed upon 
granting of the patent; 

c) the deposit will be maintained in a public depository for a period of thirty years, 
or five years after the last request for the enforceable life of the patent, Whichever is longer, 

d) a test of the viability of the biological material at the time:Of deposit will be 
conducted (see 37 C.F.R. § 1.807); and 

e) the deposit will be replaced if it should ever become invisible. 

Therefore, Applicant submits at least 2500 seeds of hybrid m aize plant 34N16 and the inbred 
parents GE568102 and GE534776 have been deposited with the ATCC. ifci view of this 
assurance, the rejection under 35 U.S.C § 1 12, first paragraph, should be removed. (MPEP § 
241 1.02). In addition, Applicant submits a patent application "need not teach, and preferably 
omits, what is well known in the art." Hybritech Inc. v. Monoclonal Antibodies Inc., 802 R2d 
1367,231 U.S.P.Q. 81 (Fed: Cir. 1986); MPEP § 601. One of ordinary skill in the art of plant 
breeding would know how to evaluate the traits of two plant varieties to determine if there is no 
significant difference between the two traits expressed by those Varieties; In addition, in an 
effort to expedite prosecution claims 9-11,13-19, 22-24, 26-32, and 34-40 have been canceled. 
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For the reason aforementioned, it is respectfully submitted that Applicants 1 claims are 
sufficiently enabled by the specification. 

In light of the above lamendments and remarks, Applicant respectfully requests 
reconsideration and withdrawal of the rejections to claims 8-19 and 21-40 under 35 U.S.C, § 
112, first paragraph. 

Summary 

Applicant acknowledges that claims 1-7, 20, and 41 are allowed. : 
Applicant acknowledges that claims 1-10, 12-14, 16-18, 20-23, 25-27 and 29-31 are 
deemed free of the prior art The Examiner further states the prior art fails to teach or fairly 
suggest plants which derive -50Vo or more of their alleles from the exemplified hybrid* This 
clearly indicates that hybridimaize plant 34N16 as a whole is considered to be distinguishable 
from the prior art for the purposes of novelty and non-obviousness. Therefore, Applicant 
respectfully submits that the deposit of the representative seed of 34N16iand inbred parents 
GE5681 02 and GE534776 should satisfy the description requirement. W light of the above, 
Applicant respectfully submits that the rejections under 35 U.S-C. §112^ first paragraph as 
improper and requests reconsideration and withdrawal of these rejections. 

Conclusion 

In conclusion, Applicant submits in light of the above amendments and remarks, the 
claims as amended are in a condition for allowance, and reconsideration is respectfully 
requested. 

No additional fees or extensions of time are believed to bje due in: connection with this 
amendment; however, consider this a request for any extension inadvertently omitted, and charge 
any additional fees to Deposit Account No. 26-0084. 
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Reconsideration and; allowance is respectfully requested. 



Respectfully submitted, 




LILA AT. AKRAE), Reg. l>Jo. 52,550 
McKEE, VOORHEES & SEASE, P.L.C. 
801 Grand Avenue^'Suite 3200 
Des Moines, Iowa ; 50309-2721 
Phone No. (515) 2^8-3667 
Fax No. (515)28841338 
CUSTOMER NOsi27142 



- pw/LA - 



Attorneys of Record 
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Efficient production of doubled haploid plants through colchicine 
treatment of anther-derived maize callus 
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Summary. A chromosome doubling technique, involving 
colchicine treatment of an embryogenic, haploid callus 
line of maize (Zea mays L., derived through anther cul- 
ture), was evaluated. Two colchicine levels (0.025% and 
0.05%) and three treatment durations (24, 48* and 12 h) 
were used and compared to untreated controls. Chromo- 
some counts and seed recovery from regenerated plants 
were determined. No doubled haploid plants were regen- 
erated from caHi without cokhitine treatment After 
treatment with colchicine for 24 h, the callus tissue regen- 
erated about 50% doubled haploid plants. All of the 
plants regenerated from the callii treated with colcmdne 
for 72 h were doubled haploids, except for a few tetra- 
plaid plants. No significant difference in chromosome 
doubling was observed between the two colchicine levotst 
Most of the doubled haploid plants produced viable pol- 
len and a total of 107 of 136 doubled haploid plants 
produced from 1 to 256 seeds. Less extensive studies with 
two other genotypes gave similar results. These results 
demonstrate that colchicine treatment of haploid calhis 
tissue can be a very effective and relatively easy method 
of obtaining a high frequency of doubled haploid plants 
through anther culture. 

Key word« Zea mays - Anther culture - Embryogenic 
haploid callus - Chromosome doubling 



Introduction 

The success of producing haploid plants in maize 
through anther culture makes ii possible to generate 
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inbred lines through chromosome doubling (Kuo et al. 
1986). However, the application of anther culture to plant 
breeding is largely dependent on the production of large 
numbers of haploid plants \ and the high frequency of 
induction of chromosome doubling. In maize, anther- 
derived lines havejbeen developed and used commercially 
(WuetaJ. 1983). However, the frequency of chromosome 
doubling of anther-derived haploid plants either sponta- 
neously or through colchicine treatment has been un- 
desirably low (Kuj ct ai 1918; NltschetaL 1982; Miao 
et al 1978). Ku ct al (1978)) and Nitsch et aL (1982) ob- 
served only 6.3% and 4.5% spontaneously doubled hap- 
loids among plants regenerated from cultured maize an- 
thers, respectively. Mzad etal. (1978) treated anther- 
derived plantlcts and obtained only one plant which set 
seeds from the 241 plants that survived. 

With many plant species, chromosome doubling can 
be achieved by theuse of an (antimitotic agent treatment 
of anther^erived) . haploid plantlcts. Since antimitotic 
agents such as colchicine usually induce chromosome 
doubling in only some cells duo to the esynchrony of cell 
divisions, chimeric plants ase common after colchicine 
treatment. For plant species which produce bisexual 
flowers and oilers or branch*, chimeras are acceptable 
since some tillers or branohs may develop from the 
chromosome-doubled cells. In contrast, maize plants 
usually do not produce n'lkfs and cell lines which gyve 
rise to the tassel and ear are already determined in the 
mature seed (Coeand Neuffer 1978). Colchicine treat- 
ment of maize seedlings or plantlets may double the chro- 
mosome number in the tassel or ear, but often not in 
both, which will make sclf^lhnation impossible. These 
reasons may explain why the efBciency of inducing 
doubled haploid ptsnts in ma^ze is very low by colchicine 
treatment of regenerated haploid plantlets (Mlao et aL 
1978). 



Received from < 5152881338 > at 5127/03 4:42:21 PM [Eastern Daylight Time] 



05/27/03 TUE 14:46 FAX 515288133d 



MCKEE VOORHEES & SEASE 



990 

Since somatic cmbryo3 from tissue cultures may de- 
velop from one or a few cells, it may be possible to induce 
chromosome doubling in embryogento haploid callus 
and then induce plant regeneration from this tissue 
(Genovesi and Collins 1982). the! use of a long term 
haploid culture system capable of plant regeneration may 
make the chromosome doubling technique effective as 
proposed by Isay et a]. (1986). This paper reports the 
recovery of doubled haploid plants with high frequency 
through colchicine treatment of embryogentc haploid 
callus initiated from man anther Culture. 



Materials and methwfa 

Establishment qfca&a cultures. Ft plants of a maize hybrid, 
H99 k Frt 6, were grown in the 6cld in 1997. TattcJ collection to 
anther plating were carried out by previously described methods 
(Petohno and Thompson 1987). Petri dishes containing anthers 
were placed in plastic boxes covered with ahmunumfoilat28 4 C< 
About 1 month later, embryo-like structures began to appear 
from responding gathers. The embryo-like structures were 
removed from the anther* and were transferred to a calhts in* 
(faction medium. The caSns induction medium consisted of 
macronutrients and vitamins of N6 medium (Cbu et si. 19?5)w 
rjuctonutrients of B$ medium (Oamborg et aL 1968) with 
(0.45 uJW)p cScamba (11.3 jlM), myo-inositol (0J5 miO> L- 
pfoline (25.0 rnA0» ensymatic casein hydrolysate (0.1 su- 
crose (87.6mAf% Na a BDTA (110.55 uAf) and Fe3O 4 .7H t 0 
(100.2 pM). Callus line*, each of which was derived from a single 
embryo-Hke structure, were maintained in the ealhza rndnnHrm 
medium through subcultures by selective transfer of the cmbxyo- 
genio calli at 4-weck intervals. One highly regenerahle callus line 
was used 6 months after culture initiation. 

Colchittm treatment. Colchicine was dissolved in ware* to make 
* stock solution which was rtHer-stBriVaed end then added to 
liquid D medium (Duncan et aL 1$85) to the required final 
concentrations and stored in the dark. About 20 ml of the me- 
dium was placed in Petri dishes (100 x 25 oun) and a filter paper 
disc supported by a aa<nie« steel screen, i which were amtoclaved 
previously, was saturated with the tiquid medium* Embryogenic 
calli, 20 days after subculture, were cut into 0.5-1 .0 mm pieces 
and were plated on the moist filter paper and incubated in the 
dark at 28 *C FoDowing treatment, theicalli were placed on a 
stainless ted screen and were rinsed twice in liquid D medium 
without colchicine, Two colchicine leveli (0.025% and 0.05%) 
and three treatment durations were used and compared with 
untreated control. 

Plant regeneration fiom treated colli. Colchicine treated calli 
were sutcurtured two ones with an mtewal of 10 days on agar- 
sohdified D medium. For plant regeneration, cafli were trans- 
ferred to H medium (Duncan et aL 1985) with 3.5mg/l 
e^enzylademns for 3 days. The caUi were then mU cured in H 
medium until some regenerated pi outlets grew to 3-4 cm long; 
which occurred within about 20 days. The regenerated plantleis 
were transferred to H medium nanus RT vitamins and glucose 
in culture tubes for further growth. After 7-10 days, they were 
transplanted to soil iu U.5-cm pots and grown for another 
10-15 days*(or even longer depending on the growth of each 
plant). Finally, the plants were transplanted to 27.5-cm pots in 
the greenhouse and at least two root tips were collected from 
each plant for mitotic examination. 



Plants with pojlea s*d silks were self-polhaatcd on sucee** 
rive days. The dates of the first day of pollen shed and the first 
day of suk emergence were recorded for 33 representative 
doubled haploid plants; Seeds were harvested 40-45 days after 
pollination. 

Determination of ptoidy JeveL The soot tips were cold^reated m 
ice water for 24 h and fixed in 3:1, 95% ethane!: tfatial acetic 
arid for 24 hand then stored in 70% cthanoL For mitotic exam- 
izmtion, (be root tips from eacft plant were placed in a small vial 
with 1% scetocarmineand heated to the beating point several 
times. The mcristcmatifcrcgica was excised and squashed in. one 
drop of 45% glacial acetic acid on a slide. At least two root dps 
from each regeneratedi plant werei examined to determine the 
plutdy level 



Results 

All 24 plants regenerated from the untreated calli con- 
tained the hapioid mnnber often chromosomes (Table 1, 
Fig. 1 a). Of 96 plants regenerated from calli treated for 
24 h with either 0.025% or 0.05% colchicine, 49 were 
diploid with 20 chromosomes (Fig, 1 b)> and the other 47 
were haploid with tea chromosomes. Of 53 plants from 
the calli treated with colchicine! for 48 h, 79 were diploid 
plants. Calli treated for 72 h did not regenerate any hap- 
loid plants, with most being diploid plants except for one 
and four tetrnploidi plants with 40 cfermosomea ob- 
tained from the two 72-h tomtments of 0.025% and 
0.05% colchicine, respectively. CTo significant difference 
in enrdmosome doubling wasi observed between these 
two ttrtdnjcine levels; (Table 1), 

The haploid plants regenerated in this study all dis- 
played a characteristic morphology (short, narrow 
leaves, reduced vigor, and no;pollen ahed). Under the 
same growing conditions, that doubled haploid plants 



Table 1* Pfoidy of plants regenerated from cotchicine-trcatcd 
hapioid cadi as determined from root tip squashes 



Colchicine treatment 


No* of plants regenerated 




Hours 


Concen- 


Total 


Haploid 


Diploid 


letra- 




tration 






ptoid 






24 


24 


0 


0 


24 


0.025% 


48 


23 


23 


0 




0,05% 


4& 


24 


24 


0 


Total 




96 


47 


49 


o" 


48 


0.025% 


22 


8 


t4 


0 




0.05% 


31 


a* 


15 


0 


Total 




53 


24 


29 ' 


0 


72 


0.025% 


31 


0 


30 


1 




0.05% 


32 


0 


28 


4 


Total 




63 




58 


5" 
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ivexe generally more vigorous in appearance and grow 
more rapidly when compared with the haptoid plants 
(Fig. 2)- The doubled haploid plants from different treat- 
ments exhibited similar morphology. Moat of them pro- 
duced abundant, viable pollen* A common feature of 
many of the doubled haploid plants was the appearance 
of tassels with some female flowers. The ears of these 
plants could, however, still be sdf-pollinated if the silks 
emerged in time 

Most of the doubled haploid plants, 107 of 136, pro- 
duced from 1 to 256 seed per ear after self-pollination, A 
few ears bad almost normal seed set (Fig. 3), Among 29 
doubled haploid plant* which did not produce seed, 21 of 
the plants could not be pollinated due to asynchronous 
pollen « hf^ an d "Ifr emergence, the lack of ear develop* 
ment, or to stunted growth- Eight other plants produced 
no seed even alter being pollinated one or two times on 
successive days* The synchrony of pollen shed and silk 
emergence were the main factois which affected the seed 
production by the doubted haptoid plant* As shown in 
Tabic 2, if the silks emerged for poUination 1-3 days 
later than the first pbDen wu shed, an average of more 
than 87 seeds per ear were set If the pollination was 
started 4 days later than the first pollen was shed, the 
seed set was dramatically decreased to 39 seeds per ear* 
Most plants would not set seed if silk emergence was 
delayed 5 days or more after pollen shed began. 

Five tctraploid plants were found among the plants 
regenerated after the two 72-b colchicine treatments. Of 
these five plants, two plants had terminal ears and three 
plants had good pollen died, but dne to late silk 
emergence, only two of the plants produced one seed 
each after self-pollination. 

Anther-derived callus lines from two other hybrid*, 
H99 x Pa91 and Fa91 x Frl6, were also treated with col- 
chicine. Due to lower regenerabillry of the callus line 
from Pa91 xFrl6 and incomplete experiment design for , 
the calhis line from H99 x Pa91 » the data from these two 
lines are not included. However, these experiments also 
showed that the longer the caHua culrores were incubated 



1Mb 1 The relationship between the delay in silk emergence 
after the beginning of pollen shed and the average dumber of 
seed produced per ear from 33 randomly selected doubled 
haploid plants 
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* One ear per plant was adf-polnnsted 
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Rfrlaaudh, Roettfechmmtocmesflm** 
10 chromosomes from a plant tegenerated from untreated callus 
and b a diploid ceffl with 20 dkromosomei from a plant regen- 
erated from colchicine treated/ callus. Bar represents \q ^ m 
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Fig. % Typical appearance of a doubled haploid plant (middle) 
from oolchkine treated haptoid calhis, haploid plant (right) 
from cotefaidtte-treated haploid caHna, and haploid plant (left) 
from tmtitated caQns. The pel diameters are 274 cm 




Itg- A Mature ears resulting . from self-pollination of seme 
doubled haploid plants 
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in colchirino-conta ining roedhmu the more diploid plants 
were regenerated, and no diploid plants were regenerated 
from the control caffi without colchicine treatment 
These results then indicate that chromosome doubling of 
maize callus rjsane by colchicine treatment is reprodue- 
ible and is cot genorypo-specifit 



The present study shows that the colchicine treatment of 
the embryogenic h«rfr"d maize callus can be* very eflfeo 
tive Ear producing a large number of doubled haploid 
plant*. By incubating embryogenic haploid caHi on 
colchicine-coiktaidiig mftffurft, doubled haploid plants 
were produced at high frequencies. Since all the plants 
from untreated cslli were bapldids, the occurrence of 
doubled haploid plants must be due to the effect of col- 
chicine. The method m rapid since it only required 6 
gwrttittw from ccJchicinc treatment of cafli to harvest 
of seeds from the regenerated doubled haploid plant 

Hie results of this study suggest that the duration of 
sotehirinc treatment important The treatment of more 
than 48 h is necessary in order toiget higher frequency of 
doubled haploids among the regenerated plants. If the 
treatment is 72 b, tetraploid plants could be produced* 
ffhicb may not be darirahTe. The two concentrations of 
aolqhirineuycd. 0,025% and 0,05%, did not show signify 
cant differences in their chromosome doubling effiden* 

There was no indication that ploidy chimeras were 
^generated, since most of the doubled haploid plants 
xoduced geeds after self-pollination. The problem which 
xusod the doubled haploid plants to not set seeds was 
nainly delayed sift ennergeace or the lack of ear forma- 
(oa, which are common phenomena among tissue 
tuluire-derived maize plants (Miao et al 1978; PetoHno 
md Junes 1986). The abnormal plants found among the 
egeneraies were probably due to the tissue culture coa- 
lition* rather than the colchicine treatment since the 
ame abnormalities (stunted growth, terminal ear, the 
ick of normal ear) existed among the plants regenerated 
rom untreated control caOL In practice, only vigorous 
dantlets should be selected before transplanting to 
reenhouse or fiekL This should reduce the frequency of 
bnormal piwrtfri 

The results show that colchicine treatment of em* 
ryogenk haploid callus can resuh in the production of 



entire doubled haploid plants with high frequency, which, 
produce fertile m&ite inbred tines within a short time at 
a high frequency*; thus making the anther culture tech- 
nique mora useful to the plant breeder. 
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